The objectives of this study were to determine: 1) the effects of konjac flour residues and ramie on digestible energy (DE), metabolizable energy (ME) and apparent total tract digestibility (ATTD) of nutrients in diets fed to growing pigs, 2) the DE and ME contents of konjac flour residues and ramie. Thirty barrows were allotted to 1 of 5 treatments with 6 replicates per treatment. The 5 diets include a corn-soybean meal basal diet (CTL), konjac flour residues diets containing 15% konjac flour residues (LK) or 30% konjac flour residues (HK), and ramie diets containing 15% ramie (LR) or 30% ramie (HR). The experiment lasted 19 days, including 7 days for cage adaptation, 7 days for diet adaptation, and 5 days for total feces and urine collection. The energy values and ATTD of nutrients in each diet were determined, and DE and ME contents of konjac flour residues and ramie were calculated. The results showed that consumption of konjac flour residues significantly increased (P < 0.01) the fecal moisture content compared with the ramie treatment. The LK, HK and HR diets had lower (P < 0.01) DE values compared with the CTL diet. The HR diet had greater (P < 0.01) DE value compared with the HK diet. The LK and LR diets showed greater (P < 0.01) ATTD of DM, OM, GE and CP compared with the HK and HR diets. The HK diet had the lowest (P < 0.01) ATTD of ether extract (EE) among the 5 diets. No differences were observed for the ATTD of NDF and ADF among the 5 diets. Moreover, the DE and ME values of konjac flour residues under 2 inclusion levels (15% and 30%) were 11.66, 11.87 MJ/kg and 10.41, 10.03 MJ/kg, respectively. The corresponding values for ramie were 13.27, 13.16 MJ/kg and 13.07, 12.82 MJ/kg, respectively. In conclusion, the differences in fecal moisture content and the ATTD of EE among the 5 diets were mainly due to the different chemical compositions of konjac flour residues and ramie. Compared with konjac flour residues, ramie has greater DE and ME values under the same inclusion level.
Introduction
Increasing the inclusion proportion of fibre ingredients in swine diets can decrease the cost of feed for swine production and help to alleviate the supply and demand tension in grain market in the world (OECD-FAO, 2015) . Also, fibre is required in swine diets to support normal physiological functions in digestive tract (Wenk, 2001; Yin et al., 2004) . Nevertheless, dietary excess plant fibre impairs enzymatic digestion in the upper gastrointestinal tract (GIT) and increases microbial activity and digestion in the lower GIT, resulting in decreased digestibility of dietary components and dietary energy values (Noblet and Le Goff, 2001; Yin et al., 1993 , Yin, 1994 . However, the effect of fibre concentration on gut environment and nutrient digestibility differs with fibre properties (soluble vs. insoluble) (H€ ogberg and Lindberg, 2006) . Dietary insoluble fibre (IDF) can lead to higher flow rate of digesta, whereas dietary soluble fibre (SDF) may delay gastric emptying (Johansen et al., 1996; Guerin et al., 2001) ; both are important factors to influence nutrient digestion and absorption (Boudry et al., 2004) .
Konjac flour has been consumed in forms of rubbery jelly, noodles, and other food products by humans for centuries, especially in Asia. Much of the recent interest in utilization of konjac flour stems from its potential to use as SDF (Owusu-Asiedu et al., 2006) . Ramie is also a traditionally grown crop, which has been mainly used as IDF, but proved to be palatable to domestic livestock. The nutritive value of ramie is reported to be similar to that of Lucerne (Kipriotis et al., 2015) . However, to our knowledge, no literature has reported the energy values of konjac flour residues and ramie by now. Therefore, the objectives of this study were to: 1) evaluate the effects of konjac flour residues and ramie on digestible energy (DE), metabolizable energy (ME) and apparent total tract digestibility (ATTD) of nutrients in diets fed to growing pigs, 2) determine the DE and ME contents of konjac flour residues and ramie.
Materials and methods
The animal trial in this experiment was conducted in the Metabolism Laboratory of the Ministry of Agriculture Feed Industry Centre, China Agricultural University (Beijing, China). The Institutional Animal Care and Use Committee at China Agricultural University (Beijing, China) reviewed and approved the protocol of this experiment.
Sample preparation
Konjac flour residues (obtained during the production of konjac starch) used in this research were provided by New Hope Liuhe Group (Sichuan province, China). Ramie (feed-grade) used in this research was provided by Hunan Albert Animals Nutrition Group (Hunan province, China). The chemical compositions of konjac flour residues and ramie are shown in Table 1 .
Animals, housing and experimental design
Thirty barrows (Duroc Â Landrace Â Yorkshire; initial average BW of 42.23 ± 2.1 kg) were individually housed in stainless-steel metabolism crates (1.4 m Â 0.7 m Â 0.6 m) at the Fengning Animal Experimental Base of China Agricultural University (Hebei, China). Each crate was equipped with a feeder, a nipple drinker, a screened floor, 2 fecal collection trays, and a urine collection bucket. Pigs had free access to water and feed. The metabolism crates were located in an environmentally controlled room with a temperature of 22 ± 1 C.
Diets, feeding and measurements
Pigs were allotted to 1 of 5 diets according to a completely randomized design (n ¼ 6). The 5 diets include a corn-soybean meal basal diet (CTL), 2 konjac flour residues diets containing 15% konjac flour residues (LK) or 30% konjac flour residues (HK), and 2 ramie diets containing 15% ramie (LR) or 30% ramie (HR). All nutrients in diets including energy, crude protein, amino acids, vitamins and minerals were designed to meet or exceed the nutrient requirements of growing pigs (NRC, 2012) . Ingredients and analyzed chemical compositions of the experimental diets are listed in Table 2 .
The experiment lasted 19 days, including 7 days for cage adaptation, 7 days for diet adaptation, and 5 days for total feces and urine collection. During the adaptation period, the daily amount of feed was gradually increased until it was equivalent to 4% of the BW determined at the beginning of the experiment (Adeola, 2001 ). The daily intake was divided equally into 2 meals provided at 08:30 and 15:30.
Pigs were weighed individually at the beginning of the adaptation period and at the end of the collection period. The amount of feed added to the feeders was recorded each feeding time. Orts were removed and weighed after each meal and daily feed consumption was calculated. Water was available ad libitum for each pig.
Sample collection
The feces and urine collection and sample preparation were conducted following the methods described by Li et al. (2015) . Specifically, feces were collected into plastic bags (one bag per pig) upon appearance in the metabolism crates and immediately stored at À20 C during the feces collection period. The 5-day fecal production from each pig were pooled and weighed and a 300-g subsample was taken and dried in oven at 65 C for 72 h, and then stored at À20 C for further chemical analysis after grinding. During urine collection, 50 mL of 6 mol/L HCl was added and the volume of collected urine was measured each day. A sub-sample of 100 mL was filtered and transferred into a screw-capped bottle per litter and then stored at À20 C for further chemical analysis. Samples of diets and ingredient were collected and stored at À20 C for further analysis.
Chemical analyses
Konjac flour residues and ramie were analyzed for calcium (Ca) and phosphorus (P) following the method 985.01. The total dietary fibre (TDF) and IDF were measured according to the method 985.29, and the concentration of dietary SDF was calculated as the difference between TDF and IDF. The amino acids in ingredients were analyzed according to Huang et al. (2014) . In brief, 15 amino acids were analyzed with 6 mol/L HCl hydrolysis at 110 C for 24 h using an Amino Acid Analyzer (Hitachi L-8900, Tokyo, Japan). Tryptophan was determined after LiOH hydrolysis for 22 h at 110 C using HPLC (Agilent 1200 Series, Santa Clara, CA, USA). Methionine and cysteine were measured after cold performic acid oxidation overnight and 7.5 mol/L HCl hydrolysis at 110 C for 24 h as the forms of methionine sulfone and cysteic acid using an Amino Acid Analyzer (Hitachi L-8800, Tokyo, Japan).
The dry matter (method 934.01), ether extract (method 920.39), ash (method 942.05) and crude protein (method 990.03) of the diets and feces were analyzed according to the procedures of the AOAC International (2007). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined using fibre bags (model F57; Ankom Technology, Macedon, NY) and the fibre analyzer (ANKOM200 Fibre Analyzer; Ankom Technology) based on a modified procedure as described by Van Soest et al. (1991) . The concentration of NDF was analyzed by adding heat-stable a-amylase and sodium sulfite with correction for insoluble ash. The gross energy (GE) of ingredients, diets, feces and urine were measured using an Automatic Isoperibol Oxygen Bomb Calorimeter (Parr 1281 Calorimeter; Parr Instrument Co., Moline, IL, USA). The analyzed chemical compositions of the diets are shown in Table 2 .
Calculations and statistical analyses
The DE, ME and ATTD of chemical compositions in 5 treatment diets were calculated. Minerals and vitamins were assumed to have a negligible contribution to the digestibility of GE considering their small proportion (2.2%) in the experimental diets.
The DE and ME contents of the diets were calculated using the equations:
DE is the DE content in diets (MJ/kg), GE in is the total GE intake (MJ), GE out1 is the GE content in feces (MJ), GE out2 is the GE content in feces and urine (MJ), F in is the total feed intake (kg). The ATTD for DM, GE, EE, ADF, NDF and CP was calculated using the equation:
, where ATTD is the apparent total tract digestibility of DM (%), GE (%), EE (%), ADF (%), NDF (%) and CP (%), F in is the total intake of DM (g), GE (kcal), EE (g), ADF (g), NDF (g) and CP (g) from d 8 to 12, and F out is the total fecal output of DM (g), GE (kcal), EE (g), ADF (g), NDF (g) and CP (g) originating from the feed that was fed from d 8 to 12. The DE and ME contents of konjac flour residues and ramie were calculated according to the difference methods (Adeola, 2001) .
Data were checked for normality and outliers were detected using the UNIVARIATE procedure of SAS (SAS Institute, Cary, NC). No outliers were identified. Data were then analyzed by one-way ANOVA using the PROC GLM procedure of SAS (SAS Institute). Pig was treated as the experimental unit, and dietary treatment was the only fixed effect included in the model. Treatment means were calculated using the LSMEANS statement, and statistical differences among the treatments were separated by the Tukey's test. Statistical significance was declared at P < 0.05.
Results

Fecal output, DE and ME content of diets
The effects of fibre sources (konjac flour residues vs. ramie) on fecal moisture content, fecal wet weight and fecal dry weight are shown in Table 3 . Compared with the CTL group, 4 fibre groups showed greater fecal wet weight and fecal dry weight (P < 0.05). Among the 4 fibre groups, pigs fed the HK diet had the greatest fecal wet weight, and pigs fed the HK and HR diets had greater fecal dry weight compared with other groups. There was no difference in fecal wet weight and fecal dry weight between the LK group and the LR group. Moreover, the HK and LK groups showed an increase in fecal moisture content compared with the LR, HR, and CTL groups (P < 0.05).
The energy values of the 5 diets are shown in Table 4 . The GE contents among the 5 diets were: HR > LR > CTL > LK > HK (P < 0.01). The fecal energy values of HK and HR groups were higher (P < 0.01) than those of other groups. No significant differences were observed in urinary energy value among the 5 treatment groups. The LK, HK and HR diets had lower (P < 0.01) DE values compared with the CTL diet, and the HR diet had greater (P < 0.01) DE value compared with the HK diet. The HK diet showed the lowest (P < 0.01) ME value among the 5 diets, and the HR diet showed lower (P < 0.01) ME value compared with the CLT diet. The ME:DE ratio was lower (P < 0.01) in the HK diet compared with the LK diet.
Apparent total tract digestibility of nutrients in diets
The ATTD of nutrients are shown in Table 5 . The ATTD of DM, GE and CP were greater (P < 0.01) in the CTL diet compared with the Table 3 Effects of konjac flour residues and ramie in diets fed to growing pigs on fecal output. other 4 fibre diets. The ATTD of DM, OM, GE and CP were also greater (P < 0.01) in the LK and LR diets compared with those in the HK and HR diets. The ATTD of EE was the lowest (P < 0.01) in the HK diet among the 5 diets. The ATTD of EE was greater (P < 0.01) in the LK, LR and HR diets compared with the CTL diet. No significant difference was observed in the ATTD of NDF and ADF among the 5 diets.
DE and ME contents of konjac flour residues and ramie
In our experiment, the DE and ME values of konjac flour residues under 15% or 30% inclusion were 11.66, 11.87 MJ/kg and 10.41, 10.03 MJ/kg, respectively. The corresponding DE and ME values for ramie were 13.27, 13.16 MJ/kg and 13.07, 12.82 MJ/kg, respectively. Compared with konjac flour residues, ramie has greater DE and ME values under the same inclusion level (P < 0.05). The above results are shown in Table 6 .
Discussion
Fibre-containing diets could increase fecal output (Hansen et al., 2007) , and the fecal weight varied widely from the type and quantity of dietary fibre (Shankardass et al., 1990) . Fibres used in our experiment are from different botanical origins and have different TDF compositions. Ramie has a typical IDF content, while konjac flour has a relatively high SDF content. Renteria-Flores et al. (2008) reported that elevated intake of IDF increased excretion of fecal DM, whereas elevated intake of SDF had no effect on fecal output, because 50% to 60% of the dry matter excretion at the rectum was IDF (Wilfart et al., 2007) . However, in our study, the output of feces increased as the intake of both konjac flour residues and ramie increased, which is consistent with the results from Zhang et al. (2013) . The increased fecal output with greater inclusion level of dietary konjac flour residues in our experiment could be explained by the increased moisture content in feces. The chemical composition analysis showed that the ratio of IDF to SDF was approximately 1:1 for konjac flour residues, and the SDF component in konjac flour residues had a stronger water-holding capacity (Serena et al., 2008) , resulting in large amount of moisture remaining in feces.
Digestible energy and ME are 2 major components for evaluating the energy values of swine diet. Dietary excess fibre exhibits an adverse effect on the DE value in pigs (Noblet and Perez. 1993) . Bash Knudsen (2001) reported a strong negative relationship between dietary fibre level and net energy, which is similar to our results that the DE and ME contents in diets with low inclusion level of dietary fibre (konjac flour residues and ramie) were significantly increased compared with dietary high fibres. The negative effect may be caused by the indigestible cell wall materials (lignin, cellulose and non-cellulosic polysaccharides) in dietary fibre (Bash Knudsen, 2001 ). Moreover, the averaged ME:DE ratio in the 4 fibre diets observed in our experiment was 0.973, which was in agreement with the work of Zhang et al. (2013) , who reported that the ratio of ME to DE of fibre diets was approximately 0.97.
The ATTD of DM, OM, GE, and CP decreased as the dietary level of both konjac flour residues and ramie increased in diets. Our results were in agreement with reports by Olesen et al. (2001) , who showed that the digestibility of DM, OM, CP, and energy were negatively affected by the intake level of TDF. Some previous research also had shown a similar effect of dietary fibre on apparent digestibility of energy in growing pigs (Kennelley and Aherne, 1980; Chabeauti et al., 1991) . Renteria-Flores et al. (2008) reported that SDF and IDF had different effects on nutrient digestibility. Increased SDF intake improved the digestibility of energy and NDF, while increased IDF intake decreased the digestibility of energy, N, and SDF, with no effect on NDF digestibility. The SDF-related results were not observed in our study on konjac flour residues, which might be due to only approximately 50% SDF compositions in konjac flour residues diets. The effect of IDF on nutrient digestibility can be partly explained by the increased rate of digesta passage through the digestive tract. The fibre components in plant cell walls could hinder the access of digestive enzymes to the cell contents, which greatly influences the digestion of feed (Bash Knudsen, 2001 ). In addition, Serena et al. (2008) reported that SDF had a high water-holding capacity, which delayed gastric emptying, slowed the rate of nutrient absorption, and negatively affected the digestibility of dietary components. HK: diets containing 30% of konjac flour residues; LR: diets containing 15% of ramie; HR: diets containing 30% of ramie. Table 5 Effects of konjac flour residues and ramie in diets fed to growing pigs on apparent total tract digestibility (ATTD) of various nutrient components (%). HK: diets containing 30% of konjac flour residues; LR: diets containing 15% of ramie; HR: diets containing 30% of ramie.
Table 6
The DE and ME contents in konjac flour residues and ramie fed to growing pigs. An increased ATTD of EE in diets containing ramie or low inclusion level of konjac flour residues was observed compared with the basal diet, but the ATTD of EE decreased in diets containing high inclusion level of konjac flour residues. Dietary fibre widely involves in fat digestion, and several hypotheses was raised to explain the underlying mechanisms. For example, dietary fibre was reported to stimulate endogenous secretion, increase digesta viscosity, and improve bile acid binding capacity (D egen et al., 2007) . Our results agreed with the observations from Liu et al. (2016) , but was different from other previous studies that reported decreased apparent digestibility of fat as IDF supply increased (Bakker, 1996; Hansen et al., 2006) . The reason for the increased ATTD of EE in LR and HR diets may be related to the relative high EE content in ramie. The ATTD of lipids can increase with the increased concentration of dietary fat, since endogenous amount of fat exerts a stronger influence on the apparent fat digestibility at low dietary levels than at higher levels (Just, 1982; Jørgensen et al., 1993) . Anderson et al. (1994) observed an increase in fecal bile acid excretion in rats fed soluble fibre compared with insoluble fibre, indicating that soluble fibre had larger impact on fat digestion than insoluble fibre. Moreover, H€ ogberg and Lindberg (2004) found that improving the solubility of dietary fibre significantly increased the total tract digestibility of fat in pig, which is inconsistent with our results. Although SDF can potentially increase the viscosity of digesta in the LK diet, pigs with large volume of the gastrointestinal tract can drink large amount of water, resulting in dilution of the digesta viscosity (Sun et al., 2015) . However, in pigs fed the HK diet, SDF may largely increase the digesta viscosity, affecting the physiology and ecosystem of the gut (Choct et al., 1996) , thus reducing the interaction between substrate and digestive enzymes or effective absorption of nutrients. The increased inclusion level of SDF in diets can reduce the flow rate of digesta, and may increase the microbial colonization in the small intestine, which not only undergoes self-fermentation, but also competes with the host in utilization of nutrients such as carbohydrates and proteins (Choct et al., 1996) . In addition, enzymes secreted by some microbes can cause degradation of bile acids, leading to reduced lipid digestion and absorption (Smits et al., 1998) .
In this study, we firstly evaluated the energy values and nutrient digestibility of 2 uncommon fibre sources d konjac flour residues and ramie. Konjac blends were widely used to improve the textural characteristics of low-fat meat emulsion products (Chin et al., 1998) . The foliage of ramie, also known as "China grass", is very palatable and has been proved to be suitable not only for ruminant but also for pig and poultry feed. Therefore, the DE and ME values determined in our study are beneficial to the better utilization of konjac flour residues and ramie in the future.
Conclusions
The differences in fecal moisture content and the ATTD of EE among the 5 diets were mainly due to the different chemical compositions of konjac flour residues and ramie. Compared with konjac flour residues, ramie has greater DE and ME values under the same inclusion level.
